It was shown in a previous paper (1) that the calcium and inorganic phosphorus in the blood of normal rabbits is subject to periodic variations and that among animals living in the laboratory there is also a tendency toward a progressive increase in calcium, as was first noted by Grant and Gates (2), and a more decided decrease in inorganic phosphorus of uncertain duration and extent with consequent variations in the equilibrium between the two substances. It appeared that several factors might contribute to the production of these variations among which were increasing age, adjustment to cage life, and changing conditions of light environment. The influence of light environment on the calcium and inorganic phosphorus content of the blood has been tested experimentally, but before proceeding with the analysis of the results obtained, it seems desirable to direct attention to some other observations which were made on the same animals, as these observations afford some interesting examples of the manner and extent to which functional activities and chemical equilibria may be affected by prolonged exposure to a light environment of a given type.
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It was shown in a previous paper (1) that the calcium and inorganic phosphorus in the blood of normal rabbits is subject to periodic variations and that among animals living in the laboratory there is also a tendency toward a progressive increase in calcium, as was first noted by Grant and Gates (2) , and a more decided decrease in inorganic phosphorus of uncertain duration and extent with consequent variations in the equilibrium between the two substances. It appeared that several factors might contribute to the production of these variations among which were increasing age, adjustment to cage life, and changing conditions of light environment. The influence of light environment on the calcium and inorganic phosphorus content of the blood has been tested experimentally, but before proceeding with the analysis of the results obtained, it seems desirable to direct attention to some other observations which were made on the same animals, as these observations afford some interesting examples of the manner and extent to which functional activities and chemical equilibria may be affected by prolonged exposure to a light environment of a given type.
The object of the present paper is to report the results of a comparison of changes in body weight of normal rabbits living under different environmental conditions with especial reference to the action of neon light and to the existence of a relation between the nutritive status of an animal and the chemical composition of the blood under the conditions employed. This latter aspect of the subject will not be developed in this paper further than to point out a few instances in which there was some evidence of the occurrence of coordinate variations in body 31
as it was perfectly obvious that such measurements would serve no particular purpose in the present instance.
We wish also to emphasize the fact that the animals used in these experiments were given no special preparation to facilitate the action of light such as clipping or shaving of hair.
Observations were made on three groups of normal male rabbits living under the conditions described. At the beginning of the experiments, the animals were 8 to 10 months old; they were sexually mature but had not attained their full growth. In each case, the animals for a given experiment were assembled and divided into three comparable subgroups according to type or breed, age, and weight. All animals were caged separately and fed a uniform diet of hay, oats, and cabbage. They were weighed before being fed and, as far as possible, on the same day of each week throughout the period of observation.
Group I contained 15 albino rabbits, Group II, 15 black rabbits, and Group III, 15 gray, brown, or black rabbits. Groups I and II were placed under observation October 1,1926 and were followed under control conditions until October 22; they were then placed in their respective experimental quarters and observations continued until May 18, 1927.
Observations on Group III began October 1, 1926. On February 8, 1927, the light and dark divisions of this group were interchanged so that animals which had been living in an environment of neon light for 4 months were placed in darkness and vice versa. This condition was maintained until May 4, 1927 when the two groups were again interchanged or restored to their original environment and observations continued until June 8,1927.
The results obtained from the 3 experiments described have been supplemented by results from observations on two other groups of 10 rabbits each living under control conditions. These animals were grays and browns and were slightly younger than those in the regular experiments. The observations on one group (Group IV) began January 1, 1927 and on the other (Group V) March 1, 1927 , and were continued, in both cases, until July 9, 1927.
The results of the study of body weight, as affected by light environment, are assembled in Tables I to XI. These tables contain mean values for the weight of given groups of animals at the time they were assembled, which is designated as the initial weight, and for consecutive periods of observation. In order to minimize the error due to unavoidable variations in the gastro-intestinal contents, the mean values have been smoothed by the formula A q-2 B q-C and the 4 smoothed value, rather than the actual mean, has been used as the basis of estimating gain or loss. The figures given for the gain in weight represent the difference between the initial weight and succes-sive smoothed values. In order to reduce all expressions of weight relations to a comparable basis, the gain or loss has been converted into per cent of the initial weight, and these values are used for plotting the curves in Text-figs. 1 to 6.
RESULTS.
The results of the experiments are summarized in Tables I to XI 2319  2350  2290  2355  2430  2380  2370  2385  2405  2390  2390  24OO   2540  2570  2565  2620  2635  260O  2595  2565  2525  2495  2545  256O  2470  2370  260O  2~1  2613  2644  2675 2530  2566  2640  2595  2570  2584  2555  2581  2645  2608  2585  2605  2610  2606  2620  2638  2700  2686  2725  2726  2755  2746  2750  2768  2815  2789  2775  2799  2830  2849  2960  2925  2950  2945  2920  2940  2970  2928  2850  2850  2730  2806  2915  2811  2685   346  375  365  361  388  385  386  418  466  506  526  548  569  579  629  7O5  725  720  708 From an examination of the text-figures, it is evident that the animals exposed to neon light showed a greater gain in weight than those receiving diffuse, filtered sunlight or living in darkness. It should be noted also that of the three groups of rabbits living in an environment of neon light, the greatest gain was made by the white animals and that the black animals gained the least which is the reverse of the condition shown by control and dark groups. Theoretically, the black animals might be expected to show the greatest gain as the animals of this group were of a larger breed (Flemish crosses), and in our experience rabbits of this type gain more under the usual laboratory conditions than the common albino, as was true in the present instance. In view of these facts, the gain made by the white animals under the influence of neon light is especially significant.
G r o u p I I I C o n t r o l~B o d y W e i g h t s .
The differences between groups may be brought out more clearly by a tabulation of the maximum gain shown by each group in per cent of the initial weight. For the purpose of this comparison, the results for Group III are divided. The first column gives the gain prior to the interchange of light and dark animals while the second gives the maximum gain irrespective of changes in environment. The results on thisbasis are as follows:
Gain in Weight According to Groups. Viewed from this standpoint, it will be seen that the gain in weight of the albino rabbits (Group I) receiving neon light was approximately 3 times that of the dark and control divisions of this group; in the case of the black animals and the dark colored animals of Group III, it was nearly twice as great. A further point of interest that is brought out by this table is the agreement of the results for animals of comparable or different types under a given condition. Thus, if we consider the first results for Group III, the agreement between Groups II and III is very close for a given environmental condition. These two groups are comparable as both were composed of dark colored animals, while Group I was distinctly different and the results are of a different order with the exception of animals living in the dark; the difference in this case is very slight as might be expected.
GroupI
Considering the effects of the change in light environment of the animals of Group III, it will be seen by reference to Text- fig. 3 that at the time this change was made the weights of light, dark, and control animals were in a state of virtual equilibrium, and that following the change, the weights of all three groups began to increase at nearly the same rate. This situation was maintained for about 5 weeks when the animals that had been transferred from light to dark showed a more rapid increase for a brief period, followed by a decided loss in weight which continued up to the time they were returned to the light.
Meantime, the weights of the animals which had been transferred from dark to light continued to increase at a rate only slightly greater than that of the controls, making a gain of approximately 9.00 per cent during a period of about 2 months as compared with practically no gain during the 4 months preceding. Then as the weights of the light animals decreased, those of the dark'animals increased at a more rapid rate--adding 6.50 per cent to their weight in 3 weeks, while the light animals lost 7.00 per cent. During this time, the weight of the controls also decreased. This appears to be a definite response to a change in environmental conditions.
The changes in weight which followed the return of the animals to their original environment are of uncertain significance. There was, however, an ~mmediate increase in the weight of the light animals and a decrease in that of the dark group, but the changes that occurred were probably complicated by other factors, or by the persistence of effects of previous exposures to one or the other of the two environmental conditions.
In this connection, it is important to note that the response to the first change of light environment was not immediate. The gradual increase in weight shown by the animals transferred from darkness to light may have been a reaction to the change in the mode of living, and this possibility cannot be disregarded merely because the controls showed a similar reaction at the same time. Still, the first definite evidence of a response was shown by the light animals in the form of a rather abrupt increase in weight followed by a prolonged decrease. This came 5 or 6 weeks after these animals had been placed in the dark. It was 2 months, however, after the dark animals had been placed in the light before the increase in weight of this group assumed a form that was clearly indicative of a reaction to the new environment.
A delay in the reaction to light or to the exclusion of light did not occur at the beginning of the experiments, when the animals were first placed in the light or dark, which suggests that the effect produced by these fixed environmental conditions involves more than a mere gain or loss in weight. The manner in which the metabolic activities of the animal are affected appears to be just as characteristic as the extent of the effect produced. Referring first to the curves in Textfigs. 1 to 4 which show the changes in weights of animals living in the open laboratory (control conditions), it will be seen that there is nothing constant or characteristic in the form of these curves. In some instances there is an immediate and progressive increase in weight continuing over a period of months with eventual stabilization and perhaps a further increase at a later date. This type of curve is shown by the animals of Group III (Text-fig. 3 ). In other instances, the gain in weight is delayed or there may be an initial loss or a very slow increase. Moreover, itwill be seen that at certain times, as in midwinter, the increase in weight is greater than at others, or a maximum is attained while all animals are apt to lose weight at other times (spring and early fall). Unfortunately, no systematic observations are available for the summer months.
These peculiar fluctuations in weight are, of course, not confined te control animals, but they are most clearly defined among animals living in the open laboratory, and the loss of weight that occurs during the spring and fall is clearly associated with moulting. If the weight curves of control animals have a characteristic feature, it is the occurrence of these periodic increases and decreases in weight, and it will be noted, that animals brought into the laboratory at. or near the same time show a closer agreement with respect to the occurrence of these fluctuations than animals that are brought in at. different periods of the year. This will be seen by comparing the control curves in Text-figs. ! and 2 with those in Text-fig. 4 ; the curve in Text- fig. 3 is exceptional.
The weight curves of animals exposed to neon light or living in an environment from which light is excluded are distinctly different from those of control animals. In the first place, animals placed under either of these conditions showed an ~mmediate and decided increase in weight; the initial rate of increase was much the same in the two cases, if allowance is made for possible differences in the composition of groups. In the case of light animals, the gain in weight was continuous and gradually developed into a series of step-like increases marked by brief periods of stal)ilization or reduction in the rate of gain which were succeeded in turn by more rapid increases. A definite decrease in weight was extremely rare, and so far as we have been able to determine, occurred only with some irregularity in feeding, as during or immediately following a holiday period, or in connection with moulting or the development of disease.
The weight curves of animals living in the dark are equally characteristic. One of the most distinctive features is the occurrence of a definite loss of weight following the gain of the 1st month or 6 weeks. This gain followed by a loss forms the characteristic pattern of the curve which is repeated over and over again with little or no material change in level. The general level is usually that of the control animals, but it will be seen that the fluctuations do not necessarily coincide with those of any other group of animals.
We have emphasized the distinctive features of the weight curves because it has been found that in certain instances variations in the chemical composition of the blood of animals living under these conditions give evidence of the occurrence of movements of a similar nature. It is not our intention to discuss this aspect of the influence of light environment at this time, but in order to indicate something of the nature of the relation that appears to exist, the results obtained for blood calcium on two groups of rabbits have been plotted against those for body weight (Text-figs. 5 and 6). The actual values for body weight and for blood calcium have been smoothed in the same manner, so that the curves are strictly comparable. The form agreement between these curves is so close that there can be no doubt that in these particular instances the variations in body weight and blood calcium are related. It is evident, therefore, that conditions of living which affect one of these values may produce corresponding effects on the other in that a variation in one value may be reflected by the other. This is as far as this phase of the subject will be carried at present.
Others have found that confinement of animals in the dark for varying periods of time and irradiation by such means as the carbon arc or quartz mercury lamp will affect the rate of growth, or gain in weight, as well as the chemical composition of tissues and body fluids (3), but comparatively little attention has been given to fixed environmental conditions, or to a study of effects produced by prolonged exposure to light of long wave-length. It has been shown, however, that under appropriate conditions both the physical constitution or organic equilibrium of animals and the reaction to disease may be greatly affected by light of comparatively long wave-length such as that produced by Mazda lamps and the low pressure mercury arc in crown glass (4) .
From the results obtained in these experiments, it is also evident that prolonged exposure to fixed environmental conditions, such as those represented by neon light or complete exclusion of light, may produce a profound effect on the animal organism (rabbit). In the present instance, the influence of environmental conditions was shown by a marked effect on the ultimate weight attained and also on the rate of gain and the form of the weight curve.
The increase in weight that occurs with animals of the ages used is attributable, in part to skeletal growth, in part to muscular development, and in part to an accumulation of fat. In general, the skeletal and muscular development, or growth in stature of animals exposed to neon light was greater than that of animals living in the dark; fat was also more abundant, but with few exceptions, animals living in the dark appeared to be well nourished and showed large accumulations of fat in all depots, even though the gain in weight had virtually ceased. In the one case, the effect produced suggests a definite promotion of growth with heightened metabolic activity while in the other, metabolic activity was apparently depressed or held in abeyance. Control animals differed from those living in a fixed environment in that they tended to show prolonged periods during which one or the other of these conditions prevailed.
When animals were placed in the light or dark for the first time, the response was comparatively prompt, but with continued existence in the fixed environment, it appears that a persistent, or almost fixed, tendency was established so that the effect produced on body weight by a subsequent change from one environment to the other was greatly delayed. At first sight, it might appear that in this respect the effects of prolonged exposure to a fixed artificial environment differ from those of exposure to a natural light environment, but the difference may be more apparent than real as there is some evidence to indicate that tendencies established or accommodation to conditions that prevail during one period of the year, as in summer or winter, may persist for some time thereafter and modify the effects produced by a subsequent change in environmental conditions. These results are of interest from still another point of view, namely, the denudation of body surfaces as a necessary means of obtaining effects from exposure to light. The effects produced may conceivably be increased by direct exposure of a skin surface, but these experiments show conclusively, as have others from these laboratories, that as a routine procedure, denudation is not necessary and in certain instances is undesirable as extensive denudation of body surfaces may give rise to conditions which will complicate the results of experiments.
In the present state of knowledge concerning the biological action of light, it is impossible to give a satisfactory explanation of the results obtained in these experiments. The present tendency is to correlate biological effects with the energy developed by rays of a given wavelength. From experiments carried out on this basis, it would appear that biological effects are confined very largely to rays in the ultraviolet region of the spectrum, or to rays with a wave-length of 3300 /~Ingstr6m units or less. We wish to emphasize the fact, however, that there is a fundamental difference between a brief exposure of a living organism to light of given wave-lengths and prolonged existence in an environment of the same light; moreover, it is evident that resuits obtained under one set of conditions have no necessary bearing on the results that may be obtained under the other conditions. At-tention may also be directed to the fact that results obtained by intense irradiation of experimental animals are usually complicated by a reaction to injury which makes it difficult to distinguish between that which represents a physiological response to radiant energy and that which represents a pathological reaction to the damage produced.
Our experiments deal with effects of light environment rather than irradiation. The results are dearly defined and are not complicated by a reaction to injury. For present purposes, it is ~rumaterial whether the promotion of growth and nutrition that was observed among animals living in an environment of neon light is regarded as an effect of the small amount of short wave-length radiation or the larger amount of light of long wave-length. In either case, the illumination and the total energy involved are so small that they afford no basis for a satisfactory explanation of the effects produced. In all probability, the animals living under control conditions received a larger amount of light energy with higher illumination values than those exposed to the neon light, but in one case, the light environment was inconstant and subject to wide variation, while in the other it was virtually fixed. We regard this as an important factor. At any rate, it has been shown that, under certain conditions, differences in light environment which represent small amounts of light of comparatively long wave-length and small equivalents of energy are capable of producing dearly defined biological effects, and that the effects produced vary with the color or breed of the an{real and are probably modified by still other factors, such as the age of the animal and the time at which the experiments are carried out.
S U M~R ¥ .
The influence of light environment on the growth and nutrition of normal rabbits was studied by comparing the weight curves of animals living under different environmental conditions for periods of 4 to 8 months and the effects of change from one environment to another. Prolonged exposure to neon light was compared with confinement in the dark and exposure to diffuse, filtered sunlight of varying intensity.
The results of the experiments showed that growth and nutrition were greatly affected by the light environment in which the animals lived. The effects produced by a given environment varied with the
